With the numerous increases in the use of microwave frequencies in communication applications, certain antenna potential characteristics should be an integral part of the design process. For example, GPS, WLAN are all applications that share common potential characteristics requirement in their antenna. A "FRAMED SQUARE RINGS" double negative inspired metamaterial structure was introduced as a cover to the rectangular microstrip patch antenna at a height of 3.2 mm from the ground plane, operating at 1.95 GHz. The results showed that the proposed metamaterial cover, effectively improves the patch antenna's gain and bandwidth. The complex permittivity and permeability of the proposed structure has been extracted by Nicolson-Ross-Weir (NRW) approach. The outcomes of this work open the possibility to use the proposed structure as a miniaturized and flexible antenna in L-Band for wireless communication applications.
Introduction
The artificial structures with simultaneously negative permittivity and permeability were first theoretically introduced by Victor Georgievich Veselago [1] (born "1929", in Ukrainian SSR, USSR) in 1967, was a Russian physicist. His theoretical study showed that for a monochromatic uniform plane wave in such a medium the direction of the Poynting vector [8] is antiparallel to the direction of the phase velocity, contrary to the case of plane wave propagation in conventional simple media. Later on in 2001, it was experimentally verified that the metamaterials exhibits the negative effective refractive index. Since then, it has been arousing a great interest in Microwave society. By using the unusual properties of metamaterial, the patch antenna's potential characteristics can be enhanced to a desired level. Metamaterials are the periodic materials that derive its properties from its structure rather than its components. A medium with both the permeability and permittivity [5] less than zero (μ<0, ε<0) will be designated as a DNG medium. Permeability is the measure of the ability of a material to support the formation of a magnetic [21] field within itself whereas permittivity is the measure of the resistance that is encountered when forming an electric field in a medium. To date, this class of materials has only been demonstrated with artificial constructs. For the proposed design only the negative permittivity and negative permeability are of importance. In this work, shortcoming of patch antenna i.e. antenna parameters is overcome by metamaterial structure. Metamaterial is used because it is easy to fabricate, simulate and convenient method to ameliorate the antenna parameters. All the simulation work is done on Computer Simulation Technology (CST-MWS) Software. MathCAD-15 Software has been used for verifying the Double Negative properties of the proposed design.
Methodology
The Rectangular Resonant Microstrip Patch Antenna is etched on FR4 (Lossy) substrate of thickness h = 1.6 mm, and dielectric constant εr =4.3 by using PEC [4] (Perfect Electric conductor) material as the conducting plane. The proposed design is based on "FRAMED SQUARE PATTERNS" shaped metamaterial structure. The Rectangular Microstrip Patch Antenna (RMPA) parameters at designing are calculated from the designing formulas [2] [3].
Designing and Simulation of RMPA at 1.95GHz
A rectangular microstrip patch antenna (RMPA), with a recessed microstrip feedline, backed by a perfect electrical conductor [4] (PEC) ground plane is shown in Fig.1 . The antenna was designed to resonate at 1.95 GHz. The radiation depends mainly on the constitutive parameters (ε, σ, μ) of the substrate and its thickness. Bandwidth increases with the substrate thickness and inversely with its Permittivity (ε), assume a typical FR4 (Lossy) substrate (εr = 4.3). The return loss is a main parameter in almost all antenna analysis. It is also known as the S11 parameter in the two port network. It measures the antenna's absorption of the fed power over the total power fed. http://www.ispacs.com/journals/acte/2013/acte-00127/ International Scientific Publications and Consulting Services A good antenna should indicate a return loss of less than -10 dB, which indicates that the antenna absorbs more than 90% of the fed power. Initially, the impedance bandwidth [17] of the Rectangular Patch Antenna is 8.6 MHz (1.9624-1.971 GHz), and the Return Loss is -10.172 dB as shown in Fig.2 . To ameliorate the potential characteristics of the Patch Antenna, it is loaded with "FRAMED SQUARE RINGS" structure at a height of 3.2 mm from the ground plane, so as to meet the GPS, WLAN etc. antenna's potential characteristics requirement. The radiation pattern of an antenna is generally its most basic requirement because it determines the distribution of radiated energy in space. Once the operating frequency is known, the radiation pattern is the first property of an antenna that is specified. The Radiation Pattern of the RMPA operating at 1.95GHz is shown in Fig.3 . Fig.3 shows directivity of 7.371 dBi and total efficiency of 48.19%. The gain of an antenna is a basic property which is frequently used as a figure of merit. Gain is closely associated with directivity and directivity itself dependent entirely upon the shape of the radiation patterns of on antenna. Antenna Gain is inversely proportional to the Return Loss of the antenna. After designing & simulating the RMPA in Transient Mode [18] at the operating frequency, the proposed "FRAMED SQUARE RINGS" structure is taken into account. The dimensions of the proposed structure as shown in fig.7 , is obtained by applying NRW approach to the proposed structure, i.e. simultaneously negative permittivity & permeability which is necessary condition for structure to be metamaterial. http://www.ispacs.com/journals/acte/2013/acte-00127/
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Before incorporating the proposed structure with the patch antenna, the Double Negative [19] metamaterial properties of the structure are proved by using NRW approach.
Nicolson-Ross-Weir (NRW) Approach:
The proposed structure is placed between the two waveguide ports [13] [20] at the top & bottom of the YAxis (shown in fig.9 ) in order to calculate the S11 and S21 parameters so as to prove that the proposed structure possesses Double Negative Metamaterial properties. In Fig.5 , Y-Plane was defined as Perfect Electric Boundary (PEB) and Z-Plane was defined as the Perfect Magnetic Boundary (PMB). Subsequently, the wave was excited from the negative Y-axis (Port 1) towards the positive Y-axis (Port 2). This setup mimicked the waveguide and it was suitable to calculate the S-Parameters for the extraction of the effective parameters later on. The simulated S11 and S21 parameters are shown in fig.6 The fig.6 & 7 shows that the proposed design have negative values of permittivity and permeability at the operating frequency. The Table' s generated for permittivity and permeability by using MathCAD-15 Software was too large, therefore the Table.1 & Table. 2 shows the negative value of permittivity and permeability only in the operating frequency range 1.948-1.952 GHz. After verifying the double negative properties of the proposed metamaterial structure, the "SCATTERD SQUARE RINGS" Structure is placed at a height of 3.2 mm from the ground plane in order to investigate its influence over the RMPA alone. The proposed design specifications are shown in Fig.12 , below.
Designing and Simulation of "Scatterd square rings" double negative metamaterial structure. When the proposed structure is incorporated with the RMPA, it shows the improved impedance bandwidth 
Simulated Results
In this section, the simulated results are presented. When the proposed Metamaterial Structure is simulated using CST software at the resonating frequency of 1.95 GHz, it has been found that the potential parameters [14] [15] (gain, bandwidth, & directivity) of the proposed antenna increases significantly in comparison to RMPA alone. Fig.2 & 9 shows that the return loss of the proposed metamaterial structure is reduced by 22.868 dB & the bandwidth increases by 45.7 MHz (approximately by 650%). Radiation Pattern in fig.3 & 10 shows that the directivity of the proposed design has improved by 0.320 dBi and the total efficiency [12] is slightly improved by 0.27%. Smith Charts [7] in Fig.11 shows that the proposed metamaterial structure is matched at 1.95G Hz. Fig.5 & 6 verifies the Double Negative [11] properties of the proposed inspired metamaterial Structure.
Summary
In this work, the behavior of a Rectangular Microstrip Patch Antenna loaded with "FRAMED SQUARE RINGS" double negative metamaterial structure at a height of 3.2 mm from the ground plane is examined. It is revealed that placing the proposed structure [16] on the patch antenna significantly improves the potential characteristics of the antenna. The proposed "FRAMED SQUARE RINGS" antenna is electrically small and suitable to handle easily. The proposed antenna could be used in several microwave applications that requires improved bandwidth & reduced return loss at the operating frequency. The proposed structure could be considered as a novel approach for improving antenna's potential characteristics. From the results it is observed that the minimum return loss obtained at design frequency of the proposed antenna is -33.04 dB and the bandwidth is 54.3MHz i.e., remarkable improvement in Lband (1-2 GHz) frequency range. It is clearly observed that the total efficiency and directivity is improved significantly by employing proposed "FRAMED SQUARE RING" metamaterial structure. In case of single element it has been observed that the antenna gain, bandwidth, directivity and total efficiency is quite low. But, while deploying it with the Metamaterial structure, all the potential parameters increases significantly.
